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We present a theoretical study of a,(1710), the isovector partner of f,(1710), in the process
D — n*K$KY. The weak interaction part proceeds through the charm quark decay process:
¢(3) = (s +d + u)(5), while the hadronization part takes place in two mechanisms, differing in how
the quarks from the weak decay combine into zK* with a quark-antiquark pair ¢gg with the vacuum
quantum numbers. In addition to the contribution from the tree diagram of the K** — 7" K9, we have also

considered the K*K* final-state interactions within the chiral unitary approach to generate the intermediate
state a((1710), then it decays into the final states K 21{ g. We find that the recent experimental measurements
on the K$KY and z* K invariant mass distributions can be well reproduced, and the proposed mechanism
can provide valuable information on the nature of scalar f,(1710) and its isovector partner a,(1710).
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I. INTRODUCTION

Though the scalar f(1710) resonance with 16 (JP€) =
07 (0%") is a well-established state quoted in the Review of
Particle Physics (RPP) [1], it has attracted a lot of
discussions and debates on its structure. The main decay
channels of the f(1710) resonance are KK and #n, while
the zz decay branching ratio of the f,(1710) resonance is
very small [1]. This indicates that f(1710) resonance has a
large s5 component in its wave function. This is indeed
what was found in Ref. [2]. It has also been suggested as a
scalar glueball candidate [3-5]. Furthermore, the scalar
mesons fy(1370), fo(1500), and f,(1710) cannot be
simultaneously accommodated in the quark model, thus
they were widely investigated by different mixing schemes
[6-12].
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On the other hand, the f,(1710) was proposed to be a
state dynamically generated from the vector meson-vector
meson interactions [13—15], which remains valid even
after the vector meson-pseudoscalar meson and pseudo-
scalar meson-pseudoscalar meson interactions are
included in the coupled channel approach [16-18].
Within this picture, the f;(1710) couples mostly to the
K*K* channel and most properties of f,(1710) can be
well reproduced [18-27].

In fact, in Refs. [13,14], an isospin one partner ay(1710)
of the f(1710) state is also obtained, with its mass around
1780 MeV and negative G-parity. The ay(1710) also
couples mostly to the K*K* channel, but the pw and p¢
channels are also important. Very similar conclusions are
also found in Ref. [28], where these pseudoscalar-pseudo-
scalar coupled channels were taken into account, while the
obtained mass of ay(1710) of Ref. [28] is smaller than
those predicted in Refs. [13,14]. The properties of the
aop(1710) of Refs. [13,15,28] are collected in Table I, where
the results of Ref. [28] are obtained with a cutoff
dmax = 1000 MeV. Within the ranges of the model param-
eters of Ref. [14], the ay(1710) mass is predicted in the
range of 1750-1790 MeV. In addition, one isovector scalar
resonance with a mass of 1744 MeV is also predicted
within the Regge trajectories [29].
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TABLE 1. Predicted properties of the a(1710) state. gg- g
stands for the coupling of ay(1710) to the K*K* channel. T'xg
corresponds to the partial decay width of the ay(1710) — KK.
All are in units of MeV.

Set M 7100 Tap1710) Ik &k Ikk
I (Refs. [13,15]) 1777 148 (7525,-i1529) 36
II (Ref. [28]) 1720 200 (8731,—-i2200) 74

Recently, the BESIII Collaboration has performed an
amplitude analysis of the process Dy — z"K3K% [30]. Itis
found that there is an enhancement in the K$K$ invariant
mass spectrum around 1.7 GeV, which was not seen in the
BESIII earlier measurements of D} — K+t K~z [31]. This
indicates the existence of the isospin one partner of the
fo(1710) resonance, i.e., ay(1710). In addition, the
ag(1710) state was also observed in the 77 invariant mass
spectrum of the 7, — yazTz~ decay by the BABAR
Collaboration [32]. The Breit-Wigner mass and width of
the ao(1710) state' are determined as,

M 1710) = 1723 £ 11 +£2 MeV, (1)

ao(
T,,(710) = 140 £ 14 £ 4 MeV, (2)
by BESIII [30], and

M 417100 = 1704 £5 £2 MeV, (3)

[oi7i0) = 110 £ 15+ 11 MeV, 4)

by BABAR [32].

Based on the new measurement of BESIII [30], Ref. [33]
has investigated the process Dj — z"K$K9, where
D} = ztK*TK*~, xT K*°K*? firstly happen, then undergo
the K*K* final-state interaction to give rise to the final
states KK. Accordingly, the ay(1710) and f,(1710)
resonances are dynamically generated from the K*K*
final-state interaction. The production of ay(1710) and
fo(1710) states in the Df — z"K9K% and Dy —
#t KT K™ reactions can be explained [33].

In this work, following Ref. [33], we will revisit the
process D — n" K gKg. In addition to the contributions of
the ay(1710) and f((1710) states from the intermediate
process D — zt K*K*, we will also study the contribution
of K*, which could play a role in the intermediate process
D — K*tKY — 7zt KYK°. We wish to go beyond the work

Tt should be stressed that in Ref. [30] BESII does not
distinguish between the a(1710) and fy(1710), and denotes
the combined state as S(1710).

of Ref. [33] and study the whole K3K% and z K invariant
mass spectra, where we will focus on the roles played by
ay(1710) and K** to describe the line shapes of K%K and
7t K9, rather than just the fo(1710) and a(1710) con-
tributions extracted from the experimental data, which was
well described in Ref. [33].

The paper is organized as follows. In Sec. II, we present
the theoretical formalism of the D] — 7" K9K? decay, and
in Sec. III, we show our numerical results and discussions,
followed by a short summary in Sec. IV.

II. FORMALISM

The decay D — n" KK can proceed via the S-wave
K*K* final-state interaction of the intermediate D} —
T K*K* process, or through the intermediate K* process
of DY — K°K** with K** — K%z decay in P-wave. In
the following, we will present the theoretical formalism of
these two mechanisms respectively.

A. The mechanism of
Dy - n*K*K* — n* KK} reaction

As shown in Refs. [33-36], a way for the D} —
7t K$KY to proceed is the following: (1) the charm quark
in D turns into a strange quark with a ud pair by the weak
decay shown in Fig. 1; (2) the sd [Fig. 1(a)] or us
[Fig. 1(b)] pair, together with the gq(= itu + dd + 5s)
pair with the vacuum quantum numbers created from
vacuum, hadronizes into (zK*)? or (zK*)", and the other
us and sd will hadronize to K** and K*°, respectively;

s d
qq
c U
Dy W K**
S S
(a)
K-*O B
S d
W+
& U
by T

%A1l
V2

(b)

FIG. 1. The internal W emission mechanisms for
(@) DY - 27K*~K** and (b) DY — 7t K*°K*O.
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(3) the final-state interactions of the K*K* will lead to
dynamical generated a((1710), and finally it decays into
KgKg. According to the topological classification of weak
decays in Refs. [37,38] the above processes proceed via the
so-called internal W emission mechanism.

The D} weak decay processes shown in Figs. 1(a)
and (b) can be formulated as following,

D} = Vi[sd — s(iau + dd + 55)d|(us — K**), (5)

Dy — V,[us — u(au + dd + 55)5](ds - K*°), (6)

where V| and V, are the strength of the production vertices,
and contain all the dynamical factors. One can rewrite the
two-quark two-antiquark products in the following way

z 54;q:d = MMy = (M?)3,, (7)
i=ud.s
> ugiqs = MMy = (M?),5, (8)
i=u.d,s

where M is the ¢;g; matrix in the SU(3) flavor space,
which is defined as

uii  ud us
dd ds |. 9)
s sd S5
The elements of matrix M can be written in terms of the

pseudoscalar (P) or vector (V) mesons, which are given by
[33-35].

P= n Lyl KO , (10)
K- K° — L Y
and

V= - _A L e g0 |, 11
P 7 + 2 K ( )
K* I_(*O ¢

The hadronization processes at the quark level in Egs. (7)
and (8) can be reexpressed at the hadronic level as,

1 _
M), - (V-P)sy, = 27K~ ——29K*0, 12
(M?)3, = (V- P)s, 7 (12)

1
M), > (P- V), =2 K0+ —2K*, (13
(M)13 = (P V)3 N (13)

where we have neglected those terms with no contribution
to the intermediate 7K*K* state. Using Eqgs. (12) and (13),
we can rewrite Eqgs. (5) and (6) as

(I
Df -V, <n+K*—K*+ —EHOK*OK*"'), (14)

_ 1 _
D} = V,[ 2T KOK*0 + —nOK*+K*0>. 15
o v (15)

To study the decay D} — ztay(1710) with ay(1710)
dynamically generated from the final-state interaction of
K*K*, we should sum Egs. (14) and (15) and produce the
combination of K**K*~ and K**K** in isospin / = 1. With
the isospin doublet (K**, K*¥) and (K*°, —K*7) [39], we
obtain,

_ 1 _ _
KOR?) = S (KK 1= 1) = KK 1 =0),

1

K K<) =
| ) 7

(|K*K*, 1= 1)+ |K*K*, 1 = 0)).

Thus, we have,

Vl K*+K*— + VZK*OI_(*O

Vi _
= ——L(K* K. I1=1)+|K'K*.1=0
ﬁ(l )+ )
+ kR = 1) KR 1= 0))
V2 ’ ’
Vo-Vy - VoV, -
2 Mgk =1y = 28 gk 1= 0). (16)
V2 V2

We see that the phases of the above two terms have different
signs. If one term is dominant, the other one could be small
and can be neglected. In this work, we will focus on the
contribution from ay(1710) and ignore the f(1710)
contribution. This seems to be a reasonable choice given
the reasonable description of the invariant KK and 7z K§
mass distributions as shown below.

After the production of the K*K* pair, the final-state
interaction in S-wave between K* and K* takes place, in
which the a(1710) is produced, and then it decays to K3K?
in the final state.” In Fig. 2, we show the rescattering diagram
for the Dy — 7" K*K* — 77 ao(1710) - z" KK decay.

Note that the parameters V; and V, are assumed to be
independent of the final-state interactions.

116010-3
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7T+
K* K3
+ a0
D9
K K3

FIG. 2. The diagram for the K*K* final-state interaction for the
D - n"K*K* > n7ao(1710) — z" KK decay.

With the above formalism, the decay amplitude of the
process shown in Fig. 2 can be written as®

V,=-V
Ma: 1GK*K*(MKOK0)
. S 91(*1(*9{(1‘( , (17)
MKOKO =M, (1710) T IMa,1710)Tag(1710)

where M oo is the invariant mass of the K$K§ system. We
define VP = V2 V4, which will be determlned from the
branching fraction Br(D{ — 7" KKY).

The G+ g+ is the loop function for the K*K* pair, which
depends on M KOKO- Since the K* and K* have large total
decay widths, they should be taken into account. For that
purpose, the G- - is not G, the loop function of two stable
particles of masses m; and m,, but convoluted in the masses
m, and m, with the mass distributions of K* and K* vector
mesons, which can be done following Refs. [13,40,41],

( )G(MKOKO ml’m%) (18)

with
() = ~Tm 1 (19)
w(my) = —
VOONTT\id = mi. + T (3
in? 1
N= [ "dn21 , (20
” mlm(ﬁz%—m%(*+iF(ﬁz%)ml> (20)
and
]}3
r(m7) SR (21)
> Al mz, my)
k= , 22
2, (22)
*We take [K®) =5(|K§) +|K7)) and [K) = %(\K2>—|K‘i>),

where we have 1gnored the effect of CP violation

TABLE 1II. Masses, widths, and spin-parities of the involved
particles in this work.

Particle Mass (MeV) Width (MeV) Spin-parity (J©)
D} 1968.34 1.31 x 10~ 0~
zt 139.5704 0~
K 497.611 . 0~
K 495.644 0~
K 893.605 49.05 1~
K* 891.66 50.8 1~
K*0 895.55 47.3 1~

where the Kiillen function A(x, y, z) = x* + y* + 7% — 2xy—
2xz —2yz. In this work, we take m2 = (my- + 2k )2,
m?2 = (mg- —2Ig-)?, m, = 138.04 MeV and my =
495.644 MeV. In addition, the masses, widths, and spin-
parities of the involved particles are listed in Table II.

In the dimensional regularization scheme, G(s =
M?d’[(ﬂ’ml’mg) can be written as [40,41]
G ! mi  mi—mi+s_mj
" 16r {a ' nM2 T Y
x 5 linGs = (m3 = md) + 2pV5)
+ In(s + (m% — m%) + 2p\/E)
—In(=s + (m} — m?) + 2p\/s)
= In(=s — (m; — i) +2pV/s >1} (23)
with
AP (s, mi, m3) o)

p = 2\/5 >

where yu is a scale of dimensional regularization, and a,, is
the subtraction constant. We take 4 = 1000 MeV and a,, =
—1.726 as in Ref. [13]. It is worth mentioning that the only
parameter dependent part of G is a, + In(m}/u*). Any
change in u is reabsorbed by a change in a, through
ay —a, = In(u”/u*), so that the loop function G is scale
independent. It should be noted that the loop function G can
be also regularized with the cutoff method as in
Refs. [17,18,28,42-44].

The so obtained real (solid curves) and imaginary
(dashed curves) parts of the loop function G,.% as a
function of the K9KY invariant mass are shown in Fig. 3.
The results considering the K* width are obtained with the
dimensional regularization method as in Ref. [13], while
the results without considering the K* width are calculated
with the cutoff parameter of Ref. [28].
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0.000-—————————————————~—\\
N
\\
-0.005 |+ \
\
':i o010l Real part (G with K*-width)
o — — Imaginary part (G with K*-width)
Real part (G without K *-width)
-0.015 + — — Imaginary part (G withoutK*-width)
-0.020 |+
1.0 1.2 1.4 1.6 1.8
MKUKO (GeV)

FIG. 3. Real and imaginary parts of the loop function Gg+ g+ as
a function of the invariant K$K9 mass computed in the dimen-
sional regularization method and the cutoff method.

In addition, the ggg in Eq. (17) is the coupling constant
of ay(1710) to the KK channel, and it can be determined
from the partial decay width of a,(1710) — KK, which is
given by

2

g](]'( Pk

Tk =475 — (25)
8z Mtzzo(1710)

where pg is the three momentum of the K or K meson in
the ay(1710) rest frame. With these ki values of
Refs. [13,15] and Ref. [28] shown in Table I, we obtain
gxg = 1966 MeV and 2797 MeV for Set I and Set II,
respectively. Note that from the partial decay width, one
can only obtain the absolute value of the coupling constant,
but not the phase. In this work, we assume that gg is real
and positive.

B. The mechanism of D; — K°K** — n* KJK} reaction

In this section, we will present the formalism for the
decay D} — n" K%K via the intermediate meson K**.
According to the RPP [1], the absolute branching fraction
of the decay mode Dj — K°K** is (5.4 & 1.2)%, which is
comparable to the absolute branching fraction of D} —
np* that is (8.9 + 0.8)%. As a result, the Dy — K9K** is

ps D2
K** n
Ppy q p1
FIG. 4. The decay D — n" K%K via the intermediate vector

K**. We also show the definition of the kinematical (p;, p,, p3,
pp:) variables that we use in the present calculation.

important to produce 7" K%K in the final state through
K*t — z*KY in P-wave, as shown in Fig. 4.

The decay amplitude for D — z"K3K9 from the
process shown in Fig. 4 can be obtained as

M, — IDKK IK K 1
b — P 2 N
2 q —mKH + lmK*JrFK*Jr
2
q
X [(m%((, - mi+)<1 -—
K m
K
2 2 2
L e
S
+2p1 - p3 3
M.,

m,2[+ - mig + m%(wr
+2ps- p3 3 ]

m

K+t
+ (exchange term with p, <> p3), (26)

where ¢*> = (p; + p2)* = Mikg is the invariant mass

squared of the 7 K system. The 9p,kk+ and gg+g, denote
the coupling constants of D — K°K**+ and K** — K%z™,
respectively. With the masses of these particles given in
Table 11, the branching fraction of Br(D} — K°K**) =
(5.4+1.2)% and the partial decay width K** — Kz
quoted in the RPP [1], we obtain gp, g« = (1.05 £ 0.12) x
1076 and gg-g, = 3.26. Again, we assume that 9p.kk+ and
9k-kx are real and positive [45]. The uncertainty of gp gx-
originates from the uncertainty of the branching fraction
Br(Df — K°K**), while the uncertainty of gg-x, is
ignored, since it is very small.

C. Invariant mass distributions

We can write the total decay amplitude of D] —
7t K$KY as follows,

M =M, + M,, (27)

and the double differential width of the decay D} —
KK is

4ar MKgKgMan
= Ma 2 M 2 ’ 28
dMKgKngﬂK(; 12871'3m?)+ (IMal* + [M,[7),  (28)

where the interference between M, and M, is neglected,
since these coupling constants are assumed to be real and
positive, as discussed above.

In Ref. [30], by considering the interference term
between ag(1710) and K**, the extracted branching
fraction Br(D} — K°K**) is (1.8 £0.2 £ 0.1)%, which
deviates from the CLEO result of Br(D] — K°K**) =
(5.4 +1.2)% [46]. In this work, since the interference term
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FIG. 5. Dalitz plot for the decay D] — ztK9K§.

is not included, we use the CLEO result to determine the
value of the coupling constant gp, g+

Finally, one can easily obtain dI'/dM koo and
dar/ dMﬂKg , by integrating Eq. (28) over each of the
invariant mass variables with the limits of the Dalitz plot
given in the RPP [1]. For example, the upper and lower
limits for M+ K9 are as follows:

(M), = (s + By

S max

where the E. and Ej(o are the energies of z* and K g in the
N

K9KY rest frame, respectively,

2 a2 2
£ Moy MK‘S’K‘; me
+ — )
4 2M 0 20
KK
STS
2 2 2
MKOKO Mo + Myo
E* — STS S S (29)
KO
; 2Mgoge
S8

Similarly, one can obtain the upper and lower limits of

In Fig. 5, we show the Dalitz plot of the D} — 7+ K}KY
reaction. The blue band stands for the K** region in the z* K
channel. One can see that the K** energy region overlaps
largely with the ay(1710) state in the K3K$ channel.

Because the factor Vp is unknown, we determine it from
the branching fraction of D} — z* K%K, which is (0.68 +
0.04 + 0.01)% [30]. With the ay(1710) parameters given in
Table I, we obtain

Vp = (1.69 £0.55) x 107, (30)
for Set I, and

Vp=(1.95+£0.64) x 1074, (31)
for Set IL

III. RESULTS AND DISCUSSION

In this section, we present the numerical results for the
invariant mass distribution of K3K% and z* K% of the D} —
7'[+K2~Kg decay. To compare the theoretical invariant mass
distributions with the experimental measurements, we
introduce an extra global normalization factor C, which
will be fitted to the experimental data. In Fig. 6, we show
our theoretical results for the K9K% invariant mass dis-
tribution. The red-solid curve stands for the total contri-
butions from the a,(1710) state and the vector K** meson,

~
o

(a)
e Exp.
- —a,(1710)n*

—--K*(892)*KQ
——Total

[e2]
o
T

[$)]
o

dI/dMyog (Events/20MeV)
N w S
o o o

-
o

o

1.0 1.2 1.4 1.6 1.8

70

o Exp.

s0f —a,(1710)n* [
—--K*(892)*K3

40F —Total

dI/dMyoge (Events/20MeV)

1.0 1.2 14 1.6 1.8
Migxg (GeV)

FIG. 6. Invariant mass distribution of K9K§ for the D —

7+t K3KY decay, compared with the experimental data taken from
Fig. 2(a) of Ref. [30]. (a) results of Set I; (b) results of Set II.

116010-6



THEORETICAL STUDY OF THE PROCESS Df — z"KJKY ...

PHYS. REV. D 105, 116010 (2022)

while the blue-dashed and green-dot-dashed curves corre-
spond to the contribution from only the a¢(1710) and K**,
respectively. The red-solid curve has been adjusted to the
strength of the experimental data of BESIII [30] at its peak
by taking C = 2.3 x 107 for both Set I and Set II. One can
see that the model results obtained with the parameters of
both Set I and Set II can reproduce the experimental data
reasonably well, and the K* plays an important role around
the peak of the ay(1710) state. It is clearly seen that the
shape of a((1710) in Fig. 6(b) is wider than that in
Fig. 6(a). One reason is that, as shown in Table I, the
ag(1710) width of Set II is larger than the one of Set I. The
other reason is that the loop function G- obtained with
the cutoff regularization of Ref. [28] is smoother than the
one of Ref. [13], which can be seen in Fig. 3.

In Ref. [33], the vector-vector intermediate states were
produced at the first step with both the external and internal
W-emission mechanisms, and then the final-state interac-
tion of vector-vector produces f(1710) and a(1710) and
then they decay into K3K9 and K*K~. By adjusting the
effective parameters between these production processes,
the ratio of the branching fractions Br(D] — n"K%K9)
and Br(D] — z"K*K™) from the f;(1710) and a(1710)
contribution can be reproduced [33]. Clearly, this work and
Ref. [33] share the same mechanism for the final-state
interactions. As a result, both can describe the main feature
of the K3K? line shapes. In principle, both the external and
internal W-emission mechanisms can play a role. However,
a quantitative consideration of both mechanisms inevitably
introduces additional free parameters for the weak inter-
action (more details can be found in Ref. [33]), which
cannot yet be well determined. Hence, we will leave a
simultaneous consideration of both mechanisms to a
future study when more precise experimental data become
available.

It should be noted that the contribution of the f;(1710)
state is not considered in our calculation, while the data on
on the other hand contain the contributions of both states.
This implies that the peaks of f((1710) and ay(1710)
overlap strongly. Otherwise, the sole contribution from
ao(1710) cannot describe the experimental data. The
fo(1710) and ay(1710) mixing can also be studied in
the J/w decays [20] when more experimental data are
available, just as the a((980) and f((980) mixing [47—49]
for the case of KK molecules. In fact, the a,(980) and
£0(980) mixing was investigated in the decay D} — nz’z*
in Ref. [50] with the formalism built in a earlier work of
Ref. [51], where the mixing of a((980) and f((980)
resonances that breaks the isospin invariance due to the
K" and K° meson mass difference.

In our model, the final K%K pair is produced from the
K*K* interaction, and the loop function G- g+ is very small
around the a((980) [f(980)] pole region (see Fig. 3) and
the coupling of a,(980) [f,(980)] to the K*K* channel

120

e Exp.
- —a,(1710)n*
—--K*(892)*KS
—— Total

100 -

o]
o
T

S

dI'/dM_ <o (Events/20MeV)
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FIG. 7. Invariant mass distribution of z*K9 for the D —

7KK decay, compared with the experimental data taken from
Fig. 2(b) of Ref. [30]. (a) results of Set I; (b) results of Set II.

[16] is also small compared with the one of a,(1710) to the
K*K* channel. Hence, there are no ay(980) and £(980)
signal in the K3K9 mass spectrum of the D — 7" K3K?
decay. On the other hand, from Eq. (16), we find that the
two phases in the a(1710) and f,(1710) productions have
an opposite sign. If the production of ay(1710) is con-
structive as shown in the new BESIII data [30], one can
expect no contribution from the mechanism shown in Fig. 1
to produce the f,(1710) resonance in the D] — 7" KTK~
decay [31,36,52]. However, the f,(1710) could be pro-
duced via the external W emission mechanism, and its
signal is expected in the process D — z"K+TK™.

Next, we turn to the z* K9 invariant mass distributions.
In Fig. 7, we show the theoretical results for the invariant
7+ K$§ mass distributions of the D] — 7" K%KY decay. To
compare with the experimental results, we have multiplied
a factor of two to dI'/ dM,,Kg, since the experimental

distribution of zTK (S) contains two entries of events, one
for each K g (see more details in Ref. [30]). The peak of the
K** can be well described. The contribution from a(1710)
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FIG. 8. Invariant mass distribution of K™K~ for the D] —
#t K™K~ decay, compared with the experimental data taken from
Fig. 7(a) of Ref. [31].

is very small to the peak, while its contribution to the
threshold enhancement of the invariant 7™ K% mass dis-
tribution is significant.

In addition, with the model parameters as obtained above
for the D} — 7" K3KY decay, we study the process of
D} — z"KTK~, where the contributions from a(1710)
and K*(892) are taken into account by assuming that the
mechanism of DY — 77 K™K~ is the same as the one of
the process of D — 7" K%KY. The numerical results for
the K"K~ and z"K~ invariant mass distributions are
shown in Figs. 8 and 9, respectively. The experimental
data are taken from Ref. [31]. If the ao(1710) plays the
dominant role for the structure around M%. . =3 GeV?,
the z"K~ invariant mass distribution in the low energy
region cannot be well described because of the reflection
effect of aq(1710). In Fig. 8, the K*(892) contribution is

400
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2 300} {1710
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M? . (GeV?)

FIG. 9. Invariant mass distribution of z"K~ for the Dy —

#t K+ K~ decay, compared with the experimental data taken from
Fig. 7(c) of Ref. [31].

scaled by a factor of 4.3, as shown by the pink-dash-dashed
curve, and one can see that the K*(892) contribution is
already enough to reasonably describe both the K+ K~ and
#T K~ invariant mass distributions in the energy region
considered. which is also consistent with the Dalitz plot of
D} - ztKTK~, as shown in Fig. 6 of Ref. [31].

As discussed above, to describe well both D —
7" K9KY and Df — n"KTK~ reactions, one needs to
consider other mechanisms, especially the contribution
from f(1710). In this case, we will have more free
parameters, which needs more constraints from both
theoretical and experimental sides. In the present work,
we focus on the role played by the a,(1710) in the D] —
fﬁK(S)K g decay, and it is found that the new measurements
of the D} — #" K9KY reaction can be well reproduced, and
the contribution of the K*(892) around the ay(1710)/
f0(1710) peak is important.

Finally, it is interesting to note that one can study the
ag (1710) state in the K* K9 channel of the D — z°K* KY
decay by including the contribution of the final-state
interaction of K**K*°, which can be easily obtained by
summing the second term of Eqs. (12) and (13). If the very
small mass difference of charged and neutral K* meson is
neglected, it is expected that the branching fraction of
Dy — 7°KTKY should be the same as the one of
Dy — 7KK, and hence a charged aj(1710) will be
visible in the invariant K™K mass spectrum. Indeed, the
ag (1710) was recently observed in the decay of Dy —
7°K"KY by the BESIII Collaboration [53].

IV. SUMMARY

In summary, we have studied the Cabibbo-favored
process of D — z"KYKY. By considering the decay
mechanism of internal W+ emission, and hadronization
of the sd or us with gg with the vacuum quantum numbers,
we obtain 77 K*K* in the first step, then the transition of
K*K* — K%K proceeds following final-state interactions
of the K*K* pair in the chiral unitary approach where the
ay(1710) state is dynamically generated. In addition, the
tree diagram of K** — 7T+Kg is also taken into account.

We have calculated the K9K§ and z* K¢ invariant mass
distributions, which are in good agreement with the
experimental measurements of BESIII [30]. We have found
that the K* plays an important role in the ay(1710) peak
region. Our study shows that the BESIII measurements
support the K*K* molecular nature of the ay(1710) and
fo(1710) states and they overlap strongly in the data.

For the reproduction of the a(1710) peak, it is found
that the contributions from both the tree diagram as shown
in Fig. 4 and the K*K* final-state interaction as shown in
Fig. 2 are crucial. In addition, within the proposed
mechanism, it is expected that the charged aj (1710) signal
can show up in the K* K9 invariant mass distribution of the
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Dy — n°K*KY decay, which should be checked by future
experimental measurements.
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